Abstract-Binocular visual information may be involved in the selection of appropriate motor programs before a reach is executed or it may be involved during the movement-execution phase in order to monitor and guide the hand to the target object. Here we introduced binocular information after 0%, 25%, 50% or 75% of the movement-execution phase and determined its effects on the kinematic indices of prehensile movements made to objects of different sizes placed at different distances. Kinematic indices linked to the transport component, such as peak velocity and time-topeak velocity, were unaffected by the presence of binocular cues whereas later occurring indices, such as peak grip aperture and time in the slow phase, were signi cantly affected. Although the magnitude of the peak grip was affected by the presence of binocular cues, the time at which it occurred did not change. This pattern of results suggest that the visuo-motor control of prehensile movements utilises both feedforward and feedback strategies and that binocular cues are particularly important for the ne manual adjustments typical of the latter.
INTRODUCTION
It is clear that visual information is important in the control of prehension. Although there is typically a range of visual information sources available that can be used to determine the size and distance of a target object, the prevalent view is that binocular cues (binocular disparity and angle of convergence) are paramount in the context of prehensile control (Servos et al., 1992; Dijkerman et al., 1996; Marotta et al., 1997) .
Binocular visual information may contribute to visuo-motor control in two distinct ways: it may be involved in the selection of appropriate motor programs before a reach is executed (the pre-movement phase), and/ or it may be involved during the movement (the movement-execution phase) in order to monitor and guide the hand to the target object (Woodworth, 1899; Piaget, 1952; Jeannerod, 1984) . In the premovement phase, information about the distance, direction and size of the object to be grasped must be speci ed by the visual system in order that the appropriate motor programs can be selected, in a feedforward fashion, to transport the hand to the correct location and to pre-con gure the ngers to form an appropriate grasp. The use of binocular cues is attractive in this situation as, even in isolation, they can specify the full metric properties of objects in a scene (e.g. Rogers and Bradshaw, 1993) , which is ideal for the selection of appropriate motor programs. Detailed study has revealed that certain 'kinematic markers' of a prehensile movement vary closely with the visual properties of the stimulus. For example, peak velocity of the wrist increases as a linear function of the distance of the object from the subject's hand (Jeannerod, 1981 (Jeannerod, , 1984 , and the peak grip aperture increases as a linear function of the object's size along the axis on which it is to be grasped (Jeannerod, 1981 (Jeannerod, , 1984 Gentilucci et al., 1996) . These relationships hold even when binocular cues specify the variable of interest (i.e. distance or size) in complete isolation from other visual cues (e.g. Watt and Bradshaw, 2002) and are also maintained in open-loop reaching conditions where no visual feedback is available. One view of this performance is that an internal representation must be recovered which is suf cient for the visuo-motor system to select and instantiate 'reach-to-grasp' motor programs (e.g. Paillard, 1991; Bradshaw and Watt, 2002) . However in this situation, which is based entirely on feedforward control, the success of the reach depends on the correct motor program being selected and that nothing changes in the visual scene until the reach is completed. This is not representative of everyday reaching performance where initial movement errors can happen and environmental perturbations are commonplace. Therefore the use of visual feedback, about the state of the limbs and the relationship between the world and the effectors is usually required to ne tune and adjust movements to maintain ef cient performance.
The use of visual feedback during the movement-execution phase, when the hand and object are visible simultaneously, may place completely different computational demands on the visuo-motor system. In this situation a strategy based on visual feedback, such as 'gap-closure' could be used to guide the hand into contact with the target object by simply minimising the relative disparity between the hand and the object (Piaget, 1952; Goodale et al., 1986; Jeannerod, 1988; Morgan, 1989) . Indeed Bradshaw et al. (2000) showed that adults are particularly adept at using relative disparity in this way to complete a perceptual nulling task where the distance between a reference and probe stimulus had to be minimised. Although visual guidance could be accomplished through the central representation of full metric scene structure, its computation is not necessary as the strategy of gap closure could proceed without such information being represented explicitly (see Lee and Young, 1986; Peper et al., 1994; Glennerster et al., 1996) . Construing the problem in this way raises the possibility that binocular visual information may be used very differently in the two phases of the reach according to the different demands placed on the system by the two tasks.
